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of Mn relative toCr. Variations inage among the

Chainpur Chondrules & Chondrites chondrules areexpected fromprior I-Xe studies of
o — ‘ ) Chainpur, Semarkona, and Tieschitz [1].
15[ | M/ =112 X710 4s, N An ambiguity withregard to interpreting the
By 1141 Mo #5*728 e~ whole-chondrule isochrons arises from gssibility
#25 16423 #18 JmﬁnlﬂﬂﬂMW of correlated production of Mand Crisotopesduring
3 ol ot 7 1 nucleosynthesis, suctthat part of the positive
€er o0 v correlation of23Cr/2Cr with 55Mn/52Cr could arise
051 4 “m"w"m"“" ] S A ] from mixing of precursor dustomponents prior to
o L Coloy chondrule formation. A plot of°4CrA2Cr and
Wl A 53Cr/A2Cr (both expressed ig-units) for Chainpur
i ® J chondrules hints at thigossibility[1]. The Bishunpur
0o s v e data alschint atsuch a correlation, but moweeakly.

Until the issue is resolved, tiséopes othe fitted lines
in Figs. 1and 2 arebest consideredpper limits to

Figure 1. Mn-Crdatafor Chainpur chondrules (circleshulk Chainpur those for true isochrons.

(filled triangle), and other bulk chondrites (open triangles).

We report Mn-Cr datdor chondrules from
the Bishunpur (LL3.1)and ChainpurLL3.4) chon-
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Bishunpur Chondrules & Chondrites

drites. Much of the Chainpur dateere reported ear- L1 (*Mn/*°Mn)=10+4 x10~° 48

lier [1]. Fig. 1 includesnew datafor chondrules #2 Mg =—105:25 Ma | @

and #19, both porphyritic olivine chondrules, 4o
expressed in terms af® the deviation of°Crf%Cr N 10122 [ S
from the terrestrial value in parts in“1l0hecomplete e #5 T,

data setdefines #Mn/%5Mn), = 11+2 x 16, L e I LA -
corresponding to a formation intervat, gy, = -11+1 0 ,//%;muﬁm‘ ' 47 Coloy

Ma beforeformation of the LEW8601@&ngrite with L
(53Mn/55Mn), gy = 1.44 x 16 [2]. Alternatively, Chondrites 11

Aty = +64%; Ma relative to $Mn/>Mn)gg, = - L — - -

(3.66%1.22) x 1€ for the Type BinclusionBR1 [3],
within the range of28Al-26Mg formation times for
individual chondrules [l] Figure 2. Mn-Cr data for Bishunpur chondrules (filled cir-

The Blshunpur_data als_hown in Fig. 2. The . cles), chondrule fragments (open circles), and other bulk
data fOf the tWO meteOrlteS are in gOOd agreement Wlthchond”tes (Open tr|ang|es) Fragment #22 is a pyroxene
one anotherand with datafor bulk chondrites. A grain, not a chondrule.
linear least squares fit to the Bishunpur dgitees an
isochron slope of 0.91+0.34nd intercept of Comparison of 50% condensation
-0.16+0.34 corresponding t§3n/>°Mn); = 10+4 x temperatures at an assumed solar nebula pressure of
10 andAt, gy = —105:; Ma, well within error limits 10 atm for Mn, Cr, and Sc to those of Mg, Bed Si
of the values forChainpur. Smalldifferences ine53 [6] suggestshatearly condensing forsterites would be
values result from using different mass fractionation €nriched in Sc (most refractorgnd depleted in Mn
“laws”. For consistency with owarlier data [1,2], we  (1ast refractory), whereas tiopposite would bérue
use a modified power laj] here, but notehat the of mafic silicates condensédter. Cr s sl_|ghtlyn_10re
exponential law [5] gives a nearlgentical slope of ~ refractorythan Mn, so the Mn/Cratio in residual
0.88+0.33, but a lower intercept of -0.52+0.33. The materials isexpected to increase as condensation pro-
low value of £52 for Bishunpur #11 ipreserved when ceeds.With the exceptions ofradial pyroxene chon-
normalized with the exponential law, implying a real dr_uLes #2an(rj] #% alnqoyroxvlanefraghmgnt #22, those
effectsuch as “late” isotopic equilibration or addition BiShunpur chondrules analyzéar their Cr isotopic
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compositions have Sc abundances equal to or greate
than those of bulk LL chondrules (§¢1). (The Aty (Ma)
ps e 20 10 8 6 4 2 1 o]
chondrules were classifiddto the texturalsub-types L L L B B B
of [7] on thebasis of SEM/EDX of interiosurfaces L Lindoren
exposed bybreaking them). The porphyritiolivine LEWA A K ertes
(PO) chondrules had high Sc and low Mn abundances, L, hEe - k
as expected fdhe earliest condensing solidghereas € L™ T )
the porphyritic-olivine-pyroxene (POP) chondrules station | 5
have Sc abundances approximately equal to those in - »
bulk LL chondrites. The Mn abundances in the ma- "Sncimpur P —
jority of the chondrules alsexceeded those in bulk 2 ‘ : ‘ ‘ ‘
. o] 10 20 30 40 50
LL-chondrites. *Mn/%Mn), x 107°
Bishunpur Chondrules Figure 4. Initial £53 and relative formation age for Bishun-
4 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ pur (larger error bar) and Chainpur (smaller error bar)
r e PO { chondrules compared to values for other meteorites the and
T | ] From theabove, we concludehat variations
301 0 px | 6aa® 20 B in Mn/Cr for these chondrulesere establisheduring
J el { 2 condensation of solids frorthe solar nebula. Chon-
@ 2f | w7 1 drules aremost often interpreted athe result of
S o2 |8" ] melting pre-existing solidsand interelement frac-
P S {7:72377777; tionations may have predated chondrule formation [8].
i ® Thus, the “isochrons” of Figs. 4&nd 2may not give
5@ 11 . .
[ 3e%10 l the formation time of all of the chondrulesalyzed,
00 ‘ J1 ) nor even of any individual chondrulédowever, the

whole-chondrule isochrons should give an ugpeit
SSMn/S2cr to the time of chondrule formatioand, perhapmore
fundamentally, an estimate of the time when chon-

Figure 3. LL-chondrite normalized Mn/Sc ratios fd@ishunpur drule precursorsvere condensing fronthe gaseous
chondrules plotted vs the aton®ieMn/52Cr ratios. U = unclassified. solar nebula

LL-chondrite normalized (Sc/Fe),  and Fig. 4 pIotsth_e Mn-Cr for.m.a.tion 5i3ntervals
(Mn/Fe,, ratios in the chondrulesere >1with the versusthe corresposr;dlng/alues ofinitial €. The
exceptions of#2, 6, and 22((Sc/Fe),) and #3  Pparameters Aty,, €>3) correspond well to values
((Mn/Fe) | ). Although values of (Mn/Fg) >1 are expected for radiogenic growth in a solar nebula with
unexpected othe basis ofthe 50% condensation tem-  (MNV/Chggjar = 0.55 (BMn/>2Cr)g,, = 0.62 [9]), &
peratures, which suggest Mn should be less refractoryValue in goocagreement with the averagelue for H
than Fe, this observation also suggestsat the PO and Lchondrites(see Figs. Iand 2). Thus, the Mn-
chondrules #3, 5, 1Gnd 11wereenriched in more ~ Cr Systematics ofthe Bishunpur and Chainpur
refractory, early condensed solids, wheréas RP ~ chondrules are inaccord with the Allende
chondrules #2and #6contained less refractory, pre- Mmeasurements. Not surprisingipe Mn-Crsystemat-
sumably later, materials. That similar relationships €S Of these LL chondrules indicate they fornpetor
were not notedfor the Chainpur chondrulesiay be O igneous partitioning of Mand Cr among the min-
because most ahem includedcompleterims, which erals in angrites and eucrites [2,10,11].
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